Introduction
The newborn brain is vulnerable to injury from many causes, like preterm delivery , hypoxia , trauma etc, resulting in significant mortality and morbidity despite recent improvements in the neonatal intensive care. 1 Cranial USG are widely used to identify preterm neonates at risk for brain injury and subsequent neurodevelopmenal defects , most commonly as a consequence of severe intraventricular haemorrhage (IVH) and cystic periventricular leukomalacia (PVL).
1-3 Cerebroventricular haemorrhage , the most common lesion ,originates in the germinal matrix, a structure located beneath the ependymal lining of the ventricles and in th groove between the head of the caudate nucleus and the thalamus. It is a highly vascular structure with little supporting tissue. It is a source of neuroblasts which migrate peripherally during the development of the fetal brain. The germinal matrix is largest at 24-32 weeks gestation and then involutes so that it is much smaller in full term infants than preterm. Intraventricular haemorrhage occurs in 40% of preterm neonates who weigh less than 1500g ; 90% of haemorrhages occur within first 3 postnatal days and the remainder by 10 days. [3] [4] [5] [6] Intraventricular haemorrhage is usually clinically occult and detection requires a screening USG. 3 Cranial USG in neonates almost always reveals a hyperchogenicity just posterior and superior to the ventricular trigone on parasagittal view. The peritrigonal echogenic blush , appearing on parasagittal sonograms as a grouping of fine , linear densities almost like brush strokes is virtually always present on cranial sonograms of premature neonates. Periventricular leukomalacia is the second most frequent lesion of the infant brain, following haemorrhage into the germinal matrix or ventricle. PVL is now considered the principal form of brain injury among preterm infants. PVL is the major reason for developing a variety of neurological sequelae ; including motor dysfunction ; delayed cognitive development ; visual impairment and epilepsy seen in 3% to 10% of premature neonates. 2 The sonographic criteria of PVL are increased white matter echogenicity that evolves to cyst formation. 3 However, clinically significant white matter injury may occur without frank cyst formation and in the absence of white matter changes on USG, as evidenced by development of non obstructive ventriculomegaly not associated with IVH. Cystic PVL is invariably associate with significant long-term neurologic morbidity , early identification of preterm infant at highest risk for the subsequent development of this lesion is critical. Early identification may facilitate future preventive strategies.
In the recent years , the incidence of all grades of haemorrhage has decreased because of increased antenatal steroid use and improved neonatal care. 8, 9 As cost containment has become a more pressing issue , the need for and frequency of screening USG has been raised. [10] [11] [12] Spontaneous haemorrhage in and around the cerebral ventricle is a phenomenon that occurs in premature neonates 13 and is now being increasingly observed in the high risk term neonates.
14 It's incidence is approximately 40-45% in newborns weighing less than 500g or born before 35 weeks of gestational age. It is due to rupture of fragile capillaries of the germinal matrix whereas hypoperfusion may cause infarction of the boundary zones between different arterial territories, within the periventricular white matter.
Conventional colour Doppler sonography has been the main sDoppler technique used in conjunction with grey-scale evaluation of the neonatal brain for the assessment of parenchymal vascularity. Conventional colour Doppler sonography measures frequency shifts and direction of blood flow.
Transcranial Doppler sonography is emerging technique. The procedure is non invasive, ionising , portable , safe for serial or prolonged studies and performed with relatively inexpensive equipment. Doppler transducer used measure the velocity of blood flow within the circle of Willis. By spectral analysis of frequency shifts from insonated red blood cells moving through a preselected arterial sample volume , transcranial Doppler calculate and displays the peak systolic velocity(PSV) and end diastolic velocity(EDV), the mean velocity and the resistive index(RI) of blood flow within the interrogated vessel.
17

II. Materials And Methods
This is a prospective study conducted over a period of 2 years. A total of 52 neonates were evaluated during the study period. The examinations were done between 3-5 days, 10 -14 days and 26-30 days after birth. Every effort was taken to maintain normal body temperature in preterm infants by use of overhead warming lamps, blankets and warmed coupling gel. Hand washing and cleaning of the transducers with a disinfectant are of paramount importance to avoid the spread of infection in the intensive care unit. INCLUSION CRITERIA: All neonates born within 28 to 42 weeks gestational age. The study included screening as well as clinically indicated scans and included cases of ICH, PVL, diffuse cerebral edema , solitary cysts, transient periventricular hyperchogenicity and 15 normal cases. The birth weight and gestational age (as assessed using the modified Ballard measure) were also recorded.
18 EXCLUSION CRITERIA: Neonates with congenital heart disease and any other heart disease, the presence of which may alter cerebral flow velocities. Neonates which were incompletely examined due to early discharge and died during the study period. The USG machine "Voluson S6 Pro" from GE with a high resolution array linear transducer of 7-10 MHz was used during the study. Standard coronal , sagittal and parasagittal imaging were carried out using anterior fontanelle as acoustic window to evaluate parenchymal , ventricular, subarachnoid space abnormalities and any other malformations. 17 Sonographic examination was carried out using Transtemporal approach , the sonographic image obtained being similar in detail to that seen on an anatomic slice at 10 0 through the suprasellar cistern. The vessels seen as pulsating structures , ACA curving anteriorly , the MCA in the sylvian fissure and PCA lying between the uncus of the temporal lobe and superior cerebral peduncle. 16 Spectral tracings were obtained from the respective arteries with Doppler angle <60 0 . The Doppler indices PSV, EDV and RI were measured in a representative waveform in each patient. 16 Descriptive statistical analysis has been carried out in the present study. The statistical software namely SPS 15. , Stata 8.0, Med Calc 9.0.1 and Systat 11.0 were used for the analysis of the data.
III.
Results
This study included a cohort of total 52 neonates who were admitted in NICU of which 33 were preterm and 19 were term (Table 3 and 4). The mean gestational age of neonate was 35.5±3.08 weeks ( Table 2) . The mean birth weight of neonate was 2251.73± 395.39gm (Table5). FLARING: Total of 12 neonates (23.1%) were having flaring, all the neonates were preterm (36.4%) ( Table 3) and weighing between 2001 to 2500gm (54.6%) ( Table 7) . This flaring was present between 3 to 5 days scan (Table 9 ) which subsequently became normal between 10-14 days and 26-30 days scans( Table 6 ). Cranial USG done between 3 to 5 days scan revealed 6 flaring (11.5%)( Table 9 ). On subsequent Cranial USG done between !0 to 14 days scan revealed (11.5%)( Table 10) . Cranial USG done between 26 to 30days scan revealed 6 PVL (11.5%)( Table 11) . CYSTS: Total 4 neonates (7.7%) (Table 1) were having cysts, 1 neonate was preterm (3.0%)(Table3) and 3 neonates were term (15.8% )( Table 4) . Neonates weighing between 2001 to 2500gm had 2 cysts (9.1%)( Table  7) . Neonates weighing ≥2501 , 2 had cysts(12.5%)( Table 8) . Cranial USG done between 3-5 days san revealed 4 cysts (7.7%)( Table 9 ). On subsequent scans between 10 to 14 days and 26 to 30 days showed persistence of these cysts 7.7% (Table 10 ) and 7.7% (Table 11) respectively. CEREBRAL EDEMA: Total 4 neonates (7.7%)( Table 1) were having cerebral edema ; all were preterm (12.1%)( Table 3 ). 1 neonate weighing <2000gm 7.1% (Table 6 ) and the remaining three neonates were weighing between 2001 to 2500gm (13.6%)( Table 7) .Cranial USG done between 3-5 days scan revealed 4 cerebral edema 7.7% (Table 9 ). On subsequent scans done between 10 to 14 days showed reduction in cerebral edema 7.7% (Table 10 ). Cranial USG done between 26 to 30 days showed complete resolution of cerebral edema and became normal.
Cranial color Doppler : Analysis of data over 3 to 5 days , 10 to 14 days and 26 to 30 days shows there is a progressive rise in systolic and diastolic velocities regardless of the initial gestational age. However , the higher the initial gestational age the greater the rate of increase in velocity. With increasing gestational age the resistive index is seen to fall. (Table 12 ).
IV.
Tables:
Cranial 
V. Discussion
Cranial ultrasonography is a well established diagnostic technique used in the evaluation of intracranial anatomy and pathology in neonate. Cranial USG had diagnosed intracranial haemorrhage(ICH) , subependymal haemorrhage (SEH) , periventricular leukomalacia , cerebral edema and cysts. Because there is generally a poor concordance between clinical status and intracranial pathology in the highrisk premature neonate, serial neurosonography was performed in our neonatal intensive care unit. Although ICH and PVL were the most common abnormalities seen, 4 neonates demonstrated cysts and 4 neonates demonstrated cerebral edema.
Color Doppler sonography to assess intracranial blood flow was done on 52 neonates which included both preterm and term. The anterior , middle and posterior cerebral arteries were evaluated by temporal approach. Intracranial velocities were seen to increase with increasing gestational age and increasing age of the neonate; the resistive index decreased progressively with age. Thus , the resistive index exhibits the opposite trend to the true velocity movement. The reason for the falling resistive index is due to the relative increase occurring in systolic and diastolic velocities with time. The rate of increase in velocity was greater with higher gestational age. This concern is further emphasized that blood flow in the neonatal brain also increases with gestational age and with age of neonate. MCA velocities were greater than ACA and PCA velocities. The mechanism of autoregulation perhaps offer clues in the investigation of intracranial haemorrhage, which may be caused by sudden changes in the blood flow velocity. A relatively low-velocity differential between systole and diastole in premature neonates indicates a relatively dilated intravascular bed and suggests these neonates may be less able than term neonates to withstand transient vascular disturbances , which may be the basis for intracranial haemorrhage and ischemia.
VI.
Conclusion
Cranial USG uses are a technique that capitalizes on the bone free anterior fontanelle to provide a kind of window into the neonatal brain. It is the easiest and most ideal investigation for diagnosing intracranial pathologies in preterm and term neonates , which is sensitive for detection of ICH, PVL and hydrocephalus. Cranial colour Doppler now provides a powerful tool to evaluate the neonatal intracerebral blood flow in a noninvasive manner. The transtemporal approach provides a reliable means of evaluating MCA, ACA and PCA. The current emphasis on standardisation of examinations and interpretation will improve the accuracy of sonography for making diagnosis and affect patients outcome positively. We must look at what we need to know to care for a baby as opposed to what we want to know to satisfy our curiosity. Outcome-based research on the use of cranial sonography of neonate should be encouraged and supported.
